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Fig. 10 

PROVIDING A SUBSTRATE 

I 
APPLYING A RESIST TO THE SURFACE OF THE SUBSTRATE TO PREVENT 

ETCHING IN PREDETERMINED SEPARATOR AREAS 

I 
ETCHING THE SUBSTRATE TO FORM A PLURALITY OF VOIDS, SEPARATED BY 

SEPARATORS, WHEREIN THE SEPARATORS HAVE A WIDTH OF LESS THAN 1 MM 
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ETCHED VENT SCREENS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority under 35 U.S.C. § 
119 to US. Provisional Patent Application Ser. No. 60/475, 
353, which was ?led on Jun. 2, 2003. The disclosure of that 
application is hereby incorporated by reference in its entirety 
for all purposes. 

TECHNICAL FIELD 

The present invention relates generally to vent screens, and 
more speci?cally to etched vent screens that may be used in 
cooling systems of electrical devices such as projection 
devices, the etched vent screens typically having a plurality of 
voids formed in a framework by etching away portions of the 
framework. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure is illustrated by way of example and not by 
way of limitation in the ?gures of the accompanying draw 
ings, in which the like references indicate similar elements 
and in which: 

FIG. 1 is a schematic illustration of a projection device 
including etched vent screens, constructed according to an 
exemplary embodiment of the present invention. 

FIG. 2 is a partial cutaway isometric view of the projection 
device of FIG. 1, showing internal blowers and a removable 
panel with out?ow vents. 

FIG. 3 is a front view of the removable panel of FIG. 2, 
showing etched vent screens installed in vents formed therein. 

FIG. 4 is a back view of the removable panel FIG. 2, 
showing etched vent screens installed in vents formed therein. 

FIG. 5 is a schematic view of the projection device of FIG. 
1, showing air?ow through in?ow vents, blowers, and out?ow 
vents having etched vent screens installed therein. 

FIG. 6 is an isometric view of exemplary rotary fan of a 
blower of the projection device. 

FIG. 7 is a schematic view showing diverging air?ow from 
the blower passing through the vent screen of the projection 
device of FIG. 1. 

FIG. 8 is a plan view of an exemplary etched vent screen of 
the projector of FIG. 1. 

FIG. 9 is a side view of the etched vent screen of FIG. 8. 
FIG. 10 shows a process ?ow for a method of forming a 

vent screen in accordance with the present disclosure. 

DETAILED DESCRIPTION 

An embodiment of an electronic device 10 is shown in FIG. 
1. Electronic device 10 is typically a projection device 10 or 
other electronic device with heat- generating components that 
bene?t from cooling by air?ow through the device. Projection 
device 10 typically includes an enclosure 12 including a 
blower 14 con?gured to draw air in through one or more 
in?ow vents 16 and to exhaust air?ow out one or more out?ow 
vents 18. As shown in FIG. 8, a vent screen 20 with etched 
voids 22 and separators 24 formed therebetween may be 
positioned in one or more vents 16, 18 of the enclosure to 
inhibit objects from penetrating the enclosure, while allowing 
for the passage of su?icient cooling air?ow through the vent. 

Projection device 10 is typically con?gured to project an 
image on a display surface, including, but not limited to, a 
screen, a wall, or other viewing surface or area. Examples of 
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2 
suitable devices foruse as projection device 10 include digital 
projectors, liquid crystal display (LCD) projectors, and digi 
tal light processing projectors. 

Projection device 10 typically includes a light source 26 
and an optical engine 28, which may also be referred to as a 
light engine 28 or image engine 28. Light source 26 may be 
con?gured to produce a beam of light and project the light 
towards optical engine 28, which in turn is con?gured to 
generate an image. Light source 26 typically includes a lamp 
26a positioned within a re?ector 26b that is con?gured to 
direct most of the emitted light along the optical path of the 
system. Exemplary lamps include metal halide lamps and 
ultra-high-pressure (UHP) arc lamps, although virtually any 
suitable lamp may be used. The emitted light may also pass 
through one or more ?lters 260, such as an infrared (IR) or 
ultraviolet (UV) ?lter, to ?lter out unwanted parts of the 
emission spectra of the lamp. Light produced from light 
source 26 may be channeled through an interface tube 29 
(also referred to as a spacer 29) to optical engine 28. 

Optical engine 28 typically includes an image-producing 
element 30. The image-producing element 30 may include 
any suitable image-generation device, such as a digital micro 
mirror (DMD), an LCD panel, or any other suitable image 
source. Image-producing element 30 may be con?gured to 
project light toward one or more mirrors or other optical 
components, which, in turn, may be con?gured to re?ect light 
toward a display surface. Optical engine 28 may also include 
one or more lenses 31, as well as ?lters, color wheels, mirrors, 
integrators, condensers, and other optical elements useful in 
the generation and projection of light images. 

Projection device 10 typically includes one or more power 
sources 32. Power source 32 may be linked to the light source, 
the image-producing element, and other components, such as 
the power circuit board and control circuit board within the 
projection device. 
As discussed above, various components of projection 

device 10 are heat-generating components, such as power 
supply 32 and lamp 2611. These heat-generating components 
may cause portions of the enclosure 12 to heat up during 
operation. If the temperature of the device exceeds critical 
limits, portions of the device may malfunction and/ or exhibit 
a shorter life span. Controlling temperatures within the device 
such that they are maintained below critical limits may pre 
vent the device from malfunctioning or requiring early 
replacement of parts. 

To reduce the overall temperature of enclosure 12 and the 
components housed therein, projection device 10 typically 
includes an air-cooling system. The air-cooling system may 
include a blower 14 con?gured to draw inbound air?ow, 
indicated by arrows 34, through one or more an in?ow vents 
16. The action of the blower induces internal air?ow within 
the device, in the general direction of arrows 36, and further 
causes an exhaust air?ow 38 to be vented out of one or more 

out?ow vents 18. In this manner, the air-cooling system can 
enable ambient air to be circulated through the projection 
device and ejected, thus helping to cool projection device 
components. FIG. 2 shows exemplary con?gurations of 
in?ow vents 16 and out?ow vents 18, as well as air?ows 34, 
36, 38 through enclosure 12. It should be appreciated that the 
number and position of the in?ow vents and out?ow vents 
may vary. 
As shown in FIG. 3, blower 14 typically includes a pair of 

rotary fans 14a and 14b that are spaced apart and driven by a 
motor 140. Rotary fans 14a, 14b are typically mounted adja 
cent a removable panel 12a of the enclosure 12, although 
alternatively they may be mounted at any suitable location 
within the device. For example, the rotary fans 14a, 14b may 
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be mounted adjacent a top, bottom, or non-removable side 
panel of the device, or at a location spaced apart from the 
walls of the enclosure. While rotary blowers are shown in the 
depicted embodiments, it will be appreciated that other suit 
able blower types may also be used. 

Gaskets 14d, 14e may be respectively provided around an 
outlet on the exhaust side of the rotary fans 14a, 14b, to help 
inhibit leakage of air back into the enclosure from the inter 
face between the fans 14a, 14b and the removable panel. As 
shown in FIG. 4, removable panel 1211 may include recesses 
40a, 40b shaped in manner that corresponds to the shape of 
gaskets 14d, 14e, such that a lip of the recesses ?ts around the 
gaskets when the removable panel 12a is attached to the 
enclosure 12, to inhibit air leakage. 
As shown in FIGS. 4-5, removable panel 12a typically 

includes out?ow vents 18a and 18b. A respective vent screen 
20a, 20b is typically positioned within each of the out?ow 
vents 18a, 18b. An outside side of the removable panel 12a 
typically includes a protective grill 42. Grill 42 may include 
an outer border member 4211, and one or more internal trans 
verse or horizontal members 42b and longitudinal members 
420. Of course, grill 42 may alternatively take a variety of 
other suitable forms. Grill 42 is typically manufactured from 
plastic or another material with low thermal conductivity, to 
prevent hot surfaces from being exposed to user contact. To 
maximize air?ow and increase the pleasing external appear 
ance of the projector device 10, horizontal separator members 
24a of vent screen 20 typically are substantially in alignment 
with the horizontal members 42b, relative to the direction of 
exhaust air?ow 38 through the vent screen 20, and are thus 
hidden in FIG. 2. 

As shown in FIG. 6, rotary fans 14a, 14b typically include 
a circular fan blade assembly 44 mounted within a housing 
46, the fan blade assembly being con?gured to rotate in a 
direction of rotation as indicated by an arrow in the Figure. 
Housing 46 typically includes gaskets 14d, 14e positioned on 
an exhaust side of the housing. Vents 20a, 20b are typically 
positioned adjacent the rotary fans when removable panel 12a 
is attached to enclosure 12. The fan blade assembly is typi 
cally con?gured to rotate about an axis of rotation 50 that is 
typically substantially parallel with an adjacent casing wall in 
which an out?ow vent such as 18a, 18b is formed, such as 
removable panel 12a. 
As shown in FIG. 7, the fan is con?gured to blow the air in 

a divergent air?ow pattern 48 through the vent screen 20a, 
20b, as indicated by arrows. The ?eld is referred to as diver 
gent because its vectors diverge away from each other, or fan 
out, in directions tangential to the circumference of the 
blower wheel as they travel away from the blower through the 
vent screen. The divergence may be substantially radial in 
character or may curl, for example, around axis of rotation 50. 
Prior woven screens, which have a relatively large number of 
horizontal members, tend to block air that is ?owing in a 
non-perpendicular direction relative to the screens. Thus, the 
voids in vent screen 20 are formed in an elongate shape with 
an elongate axis, and the elongate axis is oriented such that 
air?ow is allowed to diverge as it travels through the void. 
Typically, the voids are oriented such that an elongate axis of 
the voids is substantially perpendicular to the axis of rotation 
50 of the fan blade assembly. For rotary fans, the maximum 
divergence of the air?ow may be in a plane that is substan 
tially perpendicular to the axis of rotation 50. Thus, the maxi 
mum divergence of the air?ow is allowed to travel through a 
cross section of the vent screen with a minimum number of 
horizontal members. Reducing the cross sectional area of 
horizontal members impeding the ?ow of air as it fans out 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
from the blower, helps minimize the impedance caused by the 
horizontal members of the vent screen 20. 
Some known projection devices include a metal-based 

wire mesh screen that may be positioned into out?ow vents of 
a projection device to provide a screen for the out?ow vent. 
However, such screens are often di?icult to manufacture and 
secure in the projection device, as the individual metal strands 
that are woven to form the screen tend to come unwoven when 

the screen material is cut to smaller-sized pieces. To prevent a 
screen from becoming unwoven, the edges of the screen may 
be held in place by a frame that surrounds the screen. How 
ever, such frames also may be di?icult to manufacture, and it 
may be di?icult to transfer the cut screen into the frame 
without the metal strands becoming unwoven. Moreover, as 
described above, commercially available metal mesh screens 
may impede air?ow to such an extent that adequate air?ow to 
cool the projector device cannot be maintained through the 
projector device. 

FIG. 8 shows an exemplary vent screen 20 constructed in 
accordance with an embodiment of the present invention. 
Vent screen 20 typically includes a framework 21 formed 
from an integral substrate. Vent screen 20 is typically formed 
from a relatively stiff etchable material with relatively high 
thermal conductivity. For example, vent screens 20 may be 
formed from stainless steel. The ventilation gaps or voids 22 
in etched screens 20 may be formed by virtually any suitable 
etching process. For example, well-known etching processes 
utilizing a strong acid to form the gaps, and a resist material to 
preserve the steel in the areas adjacent the gaps, may be used. 

Because screen vent 20 is formed from a single piece of 
metal, it does not require the cutting and framing steps that 
woven metal screens require. Furthermore, the screen 20 will 
not become unwoven during the manufacturing process, as is 
the tendency with commercially available woven metal 
screens. Thus, the use of vent screen 20 screen may greatly 
simplify a device manufacturing process. 
Framework 21 typically includes an outer border member 

2111 and a plurality of voids 22 formed in the framework 21. 
Typically, the voids 22 may be formed by etching away por 
tions of the substrate. Voids 22 are typically separated from 
each another by a plurality of separators formed in the frame 
work between the voids. The separators may be of a variety of 
shapes, but typically include transverse or horizontal separa 
tors 24a and longitudinal or vertical separators 24b, which 
de?ne a grid pattern of voids. 

Because vent screens 20 are typically made from an etched 
sheet of metal, instead from woven strands of metal, ventila 
tion voids 22 may be made to any desired shape and size. For 
example, ventilation voids 22 are typically formed in an elon 
gate shape, along an elongate axis. Alternatively, voids 22 
may take the form of a plurality of small round openings, or 
may have other shapes suitable for allowing the passage of 
air?ow. Voids 22 may be sized to prevent objects of a prede 
termined size from falling through or penetrating into the 
enclosure. To comply with the U.L. standard for small, por 
table electronic devices, the gaps may be formed to have a 
width of no more than one millimeter where the length of the 
gaps is substantial, and where the separators have a desirably 
small width. The use of an etching process to form the voids 
22 allows voids 22 with such a ?ne width to be easily formed. 

Similarly, voids 22 may be separated by any suitable dis 
tance from adjacent voids 22. Generally, it is desirable to 
provide for as much air?ow as possible through vent screens 
20. Thus, it may be desirable to have relatively thin separators 
24 separating adjacent voids 22. Using an etching process to 
form voids 22 may allow separators 24 of extremely thin 
proportions to be formed. Thus, the separators 24 may be 
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formed to occupy less overall surface area than the overall 
effective surface area of voids 22. This helps to lessen the 
impedance of air ?owing out of the projector. By way of 
example, the separators may have a width of less than 1 mm. 
Alternatively, the separators may have a width of between 
about 0.2 millimeters and l millimeter, and according to 
another alternative, the separators may have a width of 
between about 0.2 millimeters and 0.5 millimeters. These ?ne 
widths have the advantage of allowing increased air?ow 
through the vents 18a, 18b. 
As mentioned above, the U.L. requirements for ventilation 

screens may require that the screens prevent objects from 
being poked through the screen. Thus, vent screens 20 may 
have to withstand fairly vigorous probing tests. Because 
stainless steel is a relatively strong and stiff material, rela 
tively long separators 24 may be able to withstand probing 
tests, even where the separators are extremely thin. However, 
the above described transverse separators 2411 may be pro 
vided to reinforce longitudinal separators 24b if desired. 
While the depicted vent screens 20 include four transverse 
separators 2411, it will be appreciated that more or fewer such 
transverse separators 2411 may be used. 

The following are exemplary dimensions of the vent screen 
of FIG. 8. It will be understood that the depicted dimensions 
are merely illustrative, and that other desired dimensions may 
be used. 

Exemplary Dimensions of Vent Screen 20: 
A:0.2 mm 

B:0.35 mm 

C:0.25 mm 

D:25.75 mm 

E:13.68 mm 
F:25.75 mm 

G:0.75 mm 

H:0.5 mm 

1:12.05 mm 

K:7.65 mm 

L:l .63 mm radius 
FIG. 8 also illustrates that an outer frame orborder 21a may 

be utilized around the perimeter of separators 24 and voids 22, 
if desired. The use of border 21a may help to stiffen and 
strengthen screen 20, and also may allow one or more reten 
tion tabs 21b to be used to hold screen 20 in place in remov 
able panel 12a of projector 10. Each of these features may 
also be created during the etching process, allowing screens 
20 to be installed in removable panel 1211 without requiring 
any additional processing after etching. Finally, the use of 
stainless steel and etching processes to create screens 20 
allow the screens to be colorized as desired using known 
techniques. 
As discussed above, components of framework 21a, such 

as outer border 21a, transverse separators 24a, and longitu 
dinal separators 24b, are formed by applying a resist to the 
surface of the metal sheet or sheets used to form vent screens 
20 before etching the sheets. Thus, these components are 
typically formed integrally with one another from a single 
piece of material, and do not require any extra care or manu 
facturing steps to be assembled. 
A method for forming the vent screen described herein 

typically includes providing a metal substrate, applying a 
resist to the surface of the metal substrates to prevent etching 
in predetermined separator areas, etching the metal to form a 
plurality of voids, separated by separators, wherein the sepa 
rators have a width of less than 1 mm. The methodmay further 
include forming the vent screen to include the various other 
features described above, and installing the vent screen in a 
vent of a projector device, as described above. 
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6 
Although the present exemplary embodiments illustrate 

the use of etched ventilation screens in a projection device, it 
should be appreciated that the etched vent screens described 
herein may be used in virtually any electronic device with 
heat generating components. Furthermore, while the etched 
vent screens are disclosed as being used in an out?ow vent of 
a projector system, it should be appreciated that the vent 
screens may also be used as in?ow vent screens where appro 
priate. 

Furthermore, although the present disclosure includes spe 
ci?c embodiments, speci?c embodiments are not to be con 
sidered in a limiting sense, because numerous variations are 
possible. The subject matter of the present disclosure includes 
all novel and nonobvious combinations and subcombinations 
of the various elements, features, functions, and/ or properties 
disclosed herein. The following claims particularly point out 
certain combinations and subcombinations regarded as novel 
and nonobvious. These claims may refer to “an” element or “a 
?rst” element or the equivalent thereof. Such claims should be 
understood to include incorporation of one or more such 
elements, neither requiring nor excluding two or more such 
elements. Other combinations and subcombinations of fea 
tures, functions, elements, and/ or properties may be claimed 
through amendment of the claims or through presentation of 
new claims in this or a related application. Such claims, 
whether broader, narrower, equal, or different in scope to the 
original claims, also are regarded as included within the sub 
ject matter of the inventions of the present disclosure. 

What is claimed is: 
1. A method of forming a vent screen, the method compris 

ing: 
providing a metal substrate; 
applying a resist to the surface of the metal substrates to 

prevent etching in predetermined separator areas; and 
etching the metal to form a plurality of voids, separated by 

separators; 
wherein the separators have a width of less than 1 mm. 
2. The method of claim 1, wherein the separators have a 

width of between about 0.2 millimeters and l millimeter. 
3. The method of claim 2, wherein the separators have a 

width of between about 0.2 millimeters and 0.5 millimeters. 
4. The method of claim 1, wherein the voids have a width 

1 mm or less. 

5. The method of claim 1, wherein the metal substrate is 
stainless steel. 

6. The method of claim 1, wherein the voids in the vent 
screen are elongated. 

7. The method of claim 6, wherein the voids in the vent 
screen are oriented such that as air?ow passes through the 
vent screen the air?ow diverges through the voids. 

8. The method of claim 1, further including using the vent 
screen to form a removable panel of an enclosure of an elec 
tronic device. 

9. The method of claim 8, wherein the electronic device 
includes a light source mounted within the enclosure and a 
lens con?gured to project light from the light source to a 
display surface. 

10. The method of claim 8, further including positioning 
the vent screen in an in?ow vent of the enclosure. 

11. The method of claim 8, further including positioning 
the vent screen in an in?ow vent of the enclosure. 

12. The method of claim 10, further including drawing air 
into the enclosure through the in?ow vent and blowing air out 
of an out?ow vent. 

13. The method of claim 12, further including drawing air 
into the enclosure through the in?ow vent and blowing air out 
of the out?ow vent using a blower positioned in the enclosure. 
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14. The method of claim 13, wherein the blower is a rotary 16. The method of claim 15, wherein the enclosure 
blower including an axis of rotation. includes a lip con?gured to mate with the gasket. 

15. The method of claim 13, wherein the blower includes a 17. The method of claim 16, wherein the lip is mounted on 
gasket formed on an exhaust side of the blower, the gasket a removable panel of the enclosure. 
being con?gured to inhibit leakage of exhaust air?ow from 5 
the exhaust side of the blower back into the enclosure. * * * * * 
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